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1.0  SCOPE AND DEFINITION 
The FTIHWG cost-benefit analysis includes the large, medium, and small airplane categories. The 
regional turbofan, regional turboprop, and business jet categories were excluded because they would have 
had just a small impact on the overall safety benefit, and including their costs would have significantly 
and disproportionately increased the cost-benefit ratio.  

For each of the fuel tank inerting systems described in this report, the total cost is given over the 16-year 
study period (2005 through 2020). This total cost includes the initial airplane and airport modification 
costs plus the accumulated annual recurring costs. Airplane nonrecurring costs includes engineering 
design for the modifications and additions to fuel system components, interfaces, instruments or displays, 
relocation of other equipment, wiring, tubing or ducting, and avionics software or modules. The 
nonrecurring engineering costs also include changes to documents (e.g., Specs, ICDs); manuals (e.g., 
AFM, Opts, MM); production change records; laboratory, ground, and flight tests; and FAA/JAA 
certification. These costs also include major-supplier parts and assemblies, tubing, wiring, ducting, 
Service Bulletin and kitting costs (retrofit), and special tooling for installation. 

For airlines, costs include engineering and training costs, installation labor, and airplane downtime. The 
airplane downtime cost estimates were based on the cost to lease a comparable airplane during the retrofit 
period. It was assumed that 80% of the airplanes would be retrofitted during a major check and 20% were 
retrofitted outside of the major check cycle. For the large-airplane category, the estimated downtime was 
9 days for retrofitting during a major check, and 11 days for retrofitting outside of a major check. A 
medium-category airplane was assumed to take 8 days during a major check and 10 days outside of a 
major check. For the small-category airplane, the retrofit was assumed to take 7 days during a major 
check and 9 days outside of a major check. 

Airplane annual recurring costs include training, maintenance checks, inspections, removals, unscheduled 
maintenance, airplane delays. The annual weight penalty per 1,000 lb is $165,532 for a large airplane, 
$131,802 for a medium airplane, and $62,004 for a small airplane. The cost of the weight penalty was 
based on values from the 1998 ARAC study. 

The ground-based inerting (GBI) system costs include the costs for a fixed hydrant system and a mobile 
truck-based system for large- and medium-size airports. Small and foreign airports have only a mobile 
system. The nonrecurring airport costs include engineering design, system installation labor (including 
relocation of other equipment), parts and materials, and tooling. The annual recurring costs include the 
cost of the N2 required for ullage washing, the ground service labor for inerting, and N2 system 
maintenance, inspection, and training. 

For the onboard ground inerting systems (OBGI), the airport costs included the additional ground support 
equipment for providing required electrical power at large and medium-sized airports. It was assumed that 
the airplane’s APU would be used at small airports. It was assumed that the Onboard Inert Gas 
Generating System (OBIGGS) required no ground support equipment. 

The overall airplane and airport costs for each system was calculated by multiplying the recurring and 
nonrecurring airplane costs by the appropriate number of airplanes. It was assumed that all airplanes built 
after 2007 would have the inerting system installed and that airplanes built before 2007 would require a 
retrofit. The airport costs were calculated by multiplying the number of large, medium, and small airports 
by their respective recurring and nonrecurring costs. For the US-only implementation cases, it was 
assumed that all B, C, and D category airports in the United States would be modified and that 158 
foreign airports that are currently serviced by US operators would also be modified. 

For several reasons, the airport costs estimated in this study are higher than the values listed in the FAA 
report DOT/FAA/AR-00/19, “The Cost of Implementing Ground Based Fuel Tank Inerting in the 
Commercial Fleet,” dated May 2000. The FAA study only estimated the airport costs; no airplane costs 
were included. The FAA estimated that the airport cost of a US ground-based system for inerting heated 
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center wing tanks would be $800 million US over a 10-year period starting in 2003. In contrast, this 
FTIHWG study estimates that the airport recurring and nonrecurring costs would be approximately $6.8 
billion US over a 16-year period. 

The primary reasons for this difference in anticipated costs between the above-referenced FAA study and 
the ARAC study presented here is that the FTIHWG: 

•  Used a study period 60 percent longer than the FAA’s because of the long time required to fully im-
plement fuel tank inerting. 

•  Assumed higher nonrecurring airport cost primarily because it factors in higher equipment costs re-
quired to support remote airplane parking at large and medium airports. 

•  Included more airports in its study—whereas the FAA assumes 50 large airports and 350 small air-
ports, this study assumes 31 large airports, 37 medium airports, and 354 small airports as well as 158 
foreign airports served by US operators. 

•  Assumed a burdened-labor rate of $25 per hour for ground service workers, which is nearly twice the 
burdened-labor rate assumed by the FAA study. 

•  Assumed ground-servicing hours two to three times higher, depending on airplane model, based on an 
underlying assumption that the worker would not leave the airplane hook-up unattended while the 
fuel tank was being serviced with nitrogen. 

•  Assumed that each airplane model would be serviced with the same amount of nitrogen, regardless of 
fuel load, thus requiring significantly more total nitrogen. 

•  Projects a 30% rise in the cost of nitrogen (from $0.10 per 100 cubic feet to $0.13 per 100 cubic feet) 
as forecast by an industrial gas company. 

•  Assumed 3% annual inflation in the cost of parts and labor. 

The benefit values presented in this report are based on the assumption that 85% of fuel-tank-related 
accidents would occur in the air and the remaining 15% on the ground. Also included were the benefits of 
enhanced occupant survival in airplane accidents resulting from other causes, in which inerting could 
potentially prevent a post-crash fuel tank fire or explosion. Benefit values in this document do not reflect 
the confined-space hazard that wide-scale adoption of fuel tank inerting would introduce in the 
commercial fleet and in related ground-support areas. See section 4 for more information about benefits. 

2.0  COST-BENEFIT ANALYSIS SUMMARY 
The following charts include the list of scenarios evaluated, the airplane and airport forecasts, standard 
airplane model data, accident cost data, and the cost-benefit summaries for each scenario. Note that 
scenarios 6, 8, and 10 have been combined with 5, 7 and 9 respectively. 
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Inerting Scenario Summary Information
Below are all of the scenario's address in the model.  Note  #6, 8, and 10 have been combined with 5,7, and 9.  
Small Transports, PSA/Membrane Systems have been added to 13-15 to have equal coverage as the other scenario's.

Scenario

Benefits 
used for 

Small
1 On-Board Ground Inerting HCWT only, Large, Medium, Small Transports, PSA/Membrane Systems
2 On-Board Ground Inerting All Fuselage Tanks, Large, Medium, Small Transports, PSA/Membrane Systems
3 Hybrid On-Board Ground Inerting HCWT only, Large, Medium, Small Transports, PSA/Membrane Systems 
4 Hybrid On-Board Ground Inerting All Fuselage Tanks, Large, Medium, Small Transports, PSA/Membrane Systems
5 OBIGGS, All Tanks, Large and Medium Transports, Membrane Systems, & Small Transports, PSA/Membrane Systems From 6 
6 OBIGGS, All Tanks,  Small Transports, PSA and Membrane Systems
7 Hybrid OBIGGS, HCWT only, Large and Medium Transports, Membrane Systems, & Small Transports, PSA/Membrane Systems From 8
8 Hybrid OBIGGS, HCWT only,  Small Transports, PSA and Membrane Systems
9 Hybrid OBIGGS, All Tanks, Large and Medium Transports, Membrane Systems, & Small Transports, PSA/Membrane Systems From 10
10 Hybrid OBIGGS, All Tanks,  Small Transports, PSA and Membrane Systems
11 Ground Based Inerting HCWT only, All Transports
12 Ground Based Inerting All Fuselage Tanks, All Transports
13 OBIGGS, All Tanks, Large and Medium Transports, Cryogenics Systems, & Small Transports, PSA/Membrane Systems From 6 
14 Hybrid OBIGGS, HCWT only, Large and Medium Transports, Cryogenics Systems, & Small Transports, PSA/Membrane Systems From 8
15 Hybrid OBIGGS, All Tanks, Large and Medium Transports, Cryogenics Systems, & Small Transports, PSA/Membrane Systems From 10
16 On-Board Liquid Nitrogen Inerting

All Scenario dollars are in Year 2000 US$'s
The Airplane Non-Recurring costs are divided into First-of-a-model and derivative model costs.  The
First-of-a-Model costs are for the design, analysis and certification for the first of an airplane type 
The derivative Model costs are for the subsequent airplanes of that type.

The Recurring Airplane costs are on an annual per-airplane basis

The Airport costs based on Large, Medium or Small airports plus 4 or 2 truck Mobile unit for foreign airports if the model is US only  
Figure G-1.  Scenario Information Sheet 
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Note: Actual value of the Fleet were adjusted for each scenario based on the appropriate tank mix. 

 
Figure G-2.  Airplane Forecast—World Fleet 
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Note: Actual value of the Fleet were adjusted for each scenario based on the appropriate tank mix. 

 
Figure G-3.  Airplane Forecast—World Fleet, Passenger Only 
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Note: Actual value of the Fleet were adjusted for each scenario based on the appropriate tank mix. 

 
Figure G-4.  Airplane Forecast—U.S. Fleet 
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Note: Actual value of the Fleet were adjusted for each scenario based on the appropriate tank mix. 

 
Figure G-5.  Airplane Forecast—U.S. Fleet, Passenger Only 
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Figure G-6.  Airport Forecast—World and United States 
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Figure G-7.  Accident Cost Data 
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Figure G-8.  Cost Summary of World Fleet 
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Scenario  1 - On-Board Ground Inerting HCWT only, Large, Medium, 
Small Transports, PSA/Membrane Systems
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World Study period from  Rule effect
4th Quarter  2004  thru  2020

Total $ Cost 
with Inflation 25,321,352,136$       

NPV in 2005 of 
Cost 11,592,220,112$       

Total Benefits 596,732,084$            

NPV in 2005 of 
Benefits 218,748,950$            

 
Figure G-9.  Scenario 1—Onboard Ground Inerting, HCWT Only, Large, Medium, Small Transports, PSA/Membrane Systems (World) 
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Scenario  2 - On-Board Ground Inerting All Fuselage Tanks, Large, 
Medium, Small Transports, PSA/Membrane Systems
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World Study period from  Rule effect
4th Quarter  2004  thru  2020

Total $ Cost 
with Inflation 41,901,288,698$       

NPV in 2005 of 
Cost 18,509,102,446$       

Total Benefits 1,037,273,082$         

NPV in 2005 of 
Benefits 380,954,400$            

 
Figure G-10.  Scenario 2—Onboard Ground Inerting, All Fuselage Tanks, Large, Medium, Small Transports, PSA/Membrane Systems (World) 
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Scenario  3 - Hybrid On-Board Ground Inerting HCWT only, Large, 
Medium, Small Transports, PSA/Membrane Systems
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World Study period from  Rule effect
4th Quarter  2004  thru  2020

Total $ Cost 
with Inflation 24,414,913,194$       

NPV in 2005 of 
Cost 11,240,201,321$       

Total Benefits 591,044,710$            

NPV in 2005 of 
Benefits 216,663,480$            

 
Figure G-11.  Scenario 3—Hybrid Onboard Ground Inerting, HCWT Only, Large, Medium, Small Transports, PSA/Membrane Systems (World) 
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Scenario  4 - Hybrid On-Board Ground Inerting All Fuselage Tanks, 
Large, Medium, Small Transports, PSA/Membrane Systems
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with Inflation 38,348,654,229$       

NPV in 2005 of 
Cost 17,034,654,423$       

Total Benefits 1,031,664,047$         

NPV in 2005 of 
Benefits 378,897,576$            

 
Figure G-12.  Scenario 4—Hybrid Onboard Ground Inerting, All Fuselage Tanks, Large, Medium, Small Transports, PSA/Membrane 

Systems (World) 
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Scenario  5 - OBIGGS, All Tanks, Large and Medium Transports, 
Membrane Systems, & Small Transports, PSA/Membrane Systems
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Total $ Cost 
with Inflation 47,601,033,708$       

NPV in 2005 of 
Cost 20,775,455,119$       

Total Benefits 1,202,335,667$         

NPV in 2005 of 
Benefits 441,448,659$            

 
Figure G-13.  Scenario 5—OBIGGS, All Tanks, Large and Medium Transports, Membrane Systems, and Small Transports, PSA/Membrane 

Systems (World) 
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Scenario  7 - Hybrid OBIGGS, HCWT only, Large and Medium 
Transports, Membrane Systems, & Small Transports, PSA/Membrane 

Systems
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Total $ Cost 
with Inflation 21,476,461,948$       

NPV in 2005 of 
Cost 9,896,472,520$         

Total Benefits 701,168,912$            

NPV in 2005 of 
Benefits 257,035,450$            

 
Figure G-14.  Scenario 7—Hybrid OBIGGS, HCWT Only, Large and Medium Transports, Membrane Systems, and Small 

Transports, PSA/Membrane Systems (World) 
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Scenario  9 - Hybrid OBIGGS, All Tanks, Large and Medium 
Transports, Membrane Systems, & Small Transports, PSA/Membrane 

Systems
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Total $ Cost 
with Inflation 32,969,128,602$       

NPV in 2005 of 
Cost 14,936,109,471$       

Total Benefits 1,185,934,093$         

NPV in 2005 of 
Benefits 435,448,396$            

 
Figure G-15. Scenario 9—Hybrid OBIGGS, All Tanks, Large and Medium Transports, Membrane Systems, and Small Transports, 

PSA/Membrane Systems (World) 
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Scenario 11 - Ground Based Inerting HCWT only, All Transports
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Total $ Cost 
with Inflation 22,973,141,177$       

NPV in 2005 of 
Cost 10,374,133,746$       

Total Benefits 667,686,788$            

NPV in 2005 of 
Benefits 244,647,039$            

 
Figure G-16.  Scenario 11—Ground-Based Inerting, HCWT Only, All Transports (World) 
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Scenario 12 - Ground Based Inerting All Fuselage Tanks, All 
Transports
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Total $ Cost 
with Inflation 26,203,200,075$       

NPV in 2005 of 
Cost 11,885,104,761$       

Total Benefits 1,108,723,531$         

NPV in 2005 of 
Benefits 407,125,554$            

 
Figure G-17.  Scenario 12—Ground-Based Inerting, All Fuselage Tanks, All Transports (World) 
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Scenario 13 - OBIGGS, All Tanks, Large and Medium Transports, 
Cryogenics Systems, & Small Transports, PSA/Membrane Systems
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with Inflation 57,020,881,475$       

NPV in 2005 of 
Cost 24,604,744,178$       

Total Benefits 1,202,335,667$         

NPV in 2005 of 
Benefits 441,448,659$            

 
Figure G-18.  Scenario 13—OBIGGS, All Tanks, Large and Medium Transports, Cryogenic Systems, and Small Transports, 

PSA/Membrane Systems (World) 
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Scenario 14 - Hybrid OBIGGS, HCWT only, Large and Medium 
Transports, Cryogenics Systems, & Small Transports, PSA/Membrane 

Systems
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Total $ Cost 
with Inflation 34,568,790,339$       

NPV in 2005 of 
Cost 15,440,091,870$       

Total Benefits 701,168,912$            

NPV in 2005 of 
Benefits 257,035,450$            

 
Figure G-19.  Scenario 14—Hybrid OBIGGS, HCWT Only, Large and Medium Transports, Cryogenic Systems, and Small Transports, 

PSA/Membrane Systems (World) 
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Scenario 15 - Hybrid OBIGGS, All Tanks, Large and Medium 
Transports, Cryogenics Systems, & Small Transports, PSA/Membrane 

Systems
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Total $ Cost 
with Inflation 45,797,450,274$       

NPV in 2005 of 
Cost 20,405,041,217$       

Total Benefits 1,185,934,093$         

NPV in 2005 of 
Benefits 435,448,396$            

 
Figure G-20.  Scenario 15—Hybrid OBIGGS, All Tanks, Large and Medium Transports, Cryogenic Systems, and Small Transports, 

PSA/Membrane Systems (World) 



Estimating and Forecasting Task Team Final Report 

 G-23 
 

Scenario 16 - On-Board Liquid Nitrogen Inerting
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with Inflation 77,734,609,012$       

NPV in 2005 of 
Cost 31,526,761,259$       

Total Benefits 1,202,335,667$         

NPV in 2005 of 
Benefits 441,448,659$            

 
Figure G-21.  Scenario 16—Onboard Liquid Nitrogen Inerting (World) 
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Figure G-22.  Cost Summary of World Fleet Passenger Only  
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Scenario  1 - On-Board Ground Inerting HCWT only, Large, Medium, 
Small Transports, PSA/Membrane Systems
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with Inflation 21,474,319,278$       

NPV in 2005 of 
Cost 9,936,435,635$         

Total Benefits 596,732,084$            

NPV in 2005 of 
Benefits 218,748,950$            

 
Figure G-23.  Scenario 1—Onboard Ground Inerting, HCWT Only, Large, Medium, Small Transports, PSA/Membrane Systems 

(World, Passenger Only) 
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Scenario  2 - On-Board Ground Inerting All Fuselage Tanks, Large, 
Medium, Small Transports, PSA/Membrane Systems
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NPV in 2005 of 
Cost 15,576,375,863$       

Total Benefits 1,037,273,082$         

NPV in 2005 of 
Benefits 380,954,400$            

 
Figure G-24.  Scenario 2—Onboard Ground Inerting, All Fuselage Tanks, Large, Medium, Small Transports, PSA/Membrane Systems 

(World, Passenger Only) 
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Scenario  3 - Hybrid On-Board Ground Inerting HCWT only, Large, 
Medium, Small Transports, PSA/Membrane Systems
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NPV in 2005 of 
Cost 9,644,085,034$         

Total Benefits 591,044,710$            

NPV in 2005 of 
Benefits 216,663,480$            

 
Figure G-25.  Scenario 3—Hybrid Onboard Ground Inerting, HCWT Only, Large, Medium and Small Transports, PSA/Membrane Systems 

(World, Passenger Only)  
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Scenario  4 - Hybrid On-Board Ground Inerting All Fuselage Tanks, 
Large, Medium, Small Transports, PSA/Membrane Systems
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Cost 14,370,739,000$       

Total Benefits 1,031,664,047$         

NPV in 2005 of 
Benefits 378,897,576$            

 
Figure G-26.  Scenario 4—Hybrid Onboard Ground Inerting, All Fuselage Tanks, Large, Medium, Small Transports, PSA/Membrane Systems 

(World, Passenger Only)  
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Scenario  5 - OBIGGS, All Tanks, Large and Medium Transports, 
Membrane Systems, & Small Transports, PSA/Membrane Systems
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NPV in 2005 of 
Benefits 441,448,659$            

 
Figure G-27.  Scenario 5—OBIGGS, All Tanks, Large and Medium Transports, Membrane Systems, and Small Transports, PSA/Membrane 

Systems (World, Passenger Only) 
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Scenario  7 - Hybrid OBIGGS, HCWT only, Large and Medium 
Transports, Membrane Systems, & Small Transports, PSA/Membrane 

Systems
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Total Benefits 701,168,912$            

NPV in 2005 of 
Benefits 257,035,450$            

 
Figure G-28.  Scenario 7—Hybrid OBIGGS, HCWT Only, Large and Medium Transports, Membrane Systems, and Small Transports, 

PSA/Membrane Systems (World, Passenger Only) 
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Scenario  9 - Hybrid OBIGGS, All Tanks, Large and Medium 
Transports, Membrane Systems, & Small Transports, PSA/Membrane 

Systems
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Total Benefits 1,185,934,093$         

NPV in 2005 of 
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Figure G-29.  Scenario 9—Hybrid OBIGGS, All Tanks, Large and Medium Transports, Membrane Systems, and Small Transports, 

PSA/Membrane Systems (World, Passenger Only) 
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Scenario 11 - Ground Based Inerting HCWT only, All Transports
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NPV in 2005 of 
Benefits 244,647,039$            

 
Figure G-30.  Scenario 11—Ground-Based Inerting, HCWT Only, All Transports (World, Passenger Only)  
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Scenario 12 - Ground Based Inerting All Fuselage Tanks, All 
Transports
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Benefits 407,125,554$            

 
Figure G-31.  Scenario 12—Ground-Based Inerting, All Fuselage Tanks, All Transports (World, Passenger Only)  
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Scenario 13 - OBIGGS, All Tanks, Large and Medium Transports, 
Cryogenics Systems, & Small Transports, PSA/Membrane Systems
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Total Benefits 1,202,335,667$         

NPV in 2005 of 
Benefits 441,448,659$            

 
Figure G-32.  Scenario 13—OBIGGS, All Tanks, Large and Medium Transports, Cryogenic Systems, and Small Transports, PSA/Membrane 

Systems (World, Passenger Only) 
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Scenario 14 - Hybrid OBIGGS, HCWT only, Large and Medium 
Transports, Cryogenics Systems, & Small Transports, PSA/Membrane 

Systems
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NPV in 2005 of 
Benefits 257,035,450$            

 
Figure G-33.  Scenario 14—Hybrid OBIGGS, HCWT Only, Large and Medium Transports, Cryogenic Systems, and Small Transports, 

PSA/Membrane Systems (World, Passenger Only) 
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Scenario 15 - Hybrid OBIGGS, All Tanks, Large and Medium 
Transports, Cryogenics Systems, & Small Transports, PSA/Membrane 

Systems
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Total Benefits 1,185,934,093$         

NPV in 2005 of 
Benefits 435,448,396$            

 
Figure G-34.  Scenario 15—Hybrid OBIGGS, All Tanks, Large and Medium Transports, Cryogenic Systems, and Small Transports, 

PSA/Membrane Systems (World, Passenger Only) 
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Scenario 16 - On-Board Liquid Nitrogen Inerting
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NPV in 2005 of 
Benefits 441,448,659$            

 
Figure G-35.  Scenario 16—Onboard Liquid Nitrogen Inerting (World, Passenger Only) 
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Figure G-36.  Cost Summary of U.S. Fleet 
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Scenario  1 - On-Board Ground Inerting HCWT only, Large, Medium, 
Small Transports, PSA/Membrane Systems
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NPV in 2005 of 
Cost 4,842,739,587$         

Total Benefits 233,419,624$            

NPV in 2005 of 
Benefits 85,650,194$              

 
Figure G-37.  Scenario 1—Onboard Ground Inerting, HCWT Only, Large, Medium, Small Transports, PSA/Membrane Systems (U.S.) 
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Scenario  2 - On-Board Ground Inerting All Fuselage Tanks, Large, 
Medium, Small Transports, PSA/Membrane Systems
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NPV in 2005 of 
Benefits 159,420,779$            

 
Figure G-38.  Scenario 2—Onboard Ground Inerting, All Fuselage Tanks, Large, Medium, Small Transports, PSA/Membrane Systems (U.S.) 
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Scenario  3 - Hybrid On-Board Ground Inerting HCWT only, Large, 
Medium, Small Transports, PSA/Membrane Systems
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Total Benefits 231,159,412$            

NPV in 2005 of 
Benefits 84,820,550$              

 
Figure G-39.  Scenario 3—Hybrid Onboard Ground Inerting, HCWT Only, Large, Medium, and Small Transports, PSA/Membrane Systems (U.S.) 
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Scenario  4 - Hybrid On-Board Ground Inerting All Fuselage Tanks, 
Large, Medium, Small Transports, PSA/Membrane Systems
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4th Quarter  2004  thru  2020

Total $ Cost 
with Inflation 14,189,791,567$       

NPV in 2005 of 
Cost 6,606,817,990$         

Total Benefits 431,520,957$            

NPV in 2005 of 
Benefits 158,601,182$            

 
Figure G-40.  Scenario 4—Hybrid Onboard Ground Inerting, All Fuselage Tanks, Large, Medium, and Small Transports, 

PSA/Membrane Systems (U.S.) 
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Scenario  5 - OBIGGS, All Tanks, Large and Medium Transports, 
Membrane Systems, & Small Transports, PSA/Membrane Systems
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with Inflation 17,047,477,960$       

NPV in 2005 of 
Cost 7,753,493,743$         

Total Benefits 496,817,217$            

NPV in 2005 of 
Benefits 182,558,578$            

 
Figure G-41.  Scenario 5—OBIGGS, All Tanks, Large and Medium Transports, Membrane Systems, and Small Transports, 

PSA/Membrane Systems (U.S.) 
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Scenario  7 - Hybrid OBIGGS, HCWT only, Large and Medium 
Transports, Membrane Systems, & Small Transports, PSA/Membrane 

Systems
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with Inflation 8,606,160,240$         

NPV in 2005 of 
Cost 4,164,819,751$         

Total Benefits 274,341,976$            

NPV in 2005 of 
Benefits 100,668,450$            

 
Figure G-42.  Scenario 7—Hybrid OBIGGS, HCWT Only, Large and Medium Transports, Membrane Systems, and Small Transports, 

PSA/Membrane Systems (U.S.) 



Estimating and Forecasting Task Team Final Report 

 G-45 
 

Scenario  9 - Hybrid OBIGGS, All Tanks, Large and Medium 
Transports, Membrane Systems, & Small Transports, PSA/Membrane 

Systems
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with Inflation 12,680,162,943$       

NPV in 2005 of 
Cost 5,967,801,630$         

Total Benefits 491,521,777$            

NPV in 2005 of 
Benefits 180,619,384$            

 
Figure G-43.  Scenario 9—Hybrid OBIGGS, All Tanks, Large and Medium Transports, Membrane Systems, and Small Transports, 

PSA/Membrane Systems (U.S.) 
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Scenario 11 - Ground Based Inerting HCWT only, All Transports
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NPV in 2005 of 
Cost 4,757,646,031$         

Total Benefits 258,480,076$            

NPV in 2005 of 
Benefits 94,840,683$              

 
Figure G-44.  Scenario 11—Ground-Based Inerting, HCWT Only, All Transports (U.S.) 
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Scenario 12 - Ground Based Inerting All Fuselage Tanks, All 
Transports
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Cost 5,314,134,030$         

Total Benefits 459,318,978$            

NPV in 2005 of 
Benefits 168,795,964$            

 
Figure G-45.  Scenario 12—Ground-Based Inerting, All Fuselage Tanks, All Transports (U.S.) 
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Scenario 13 - OBIGGS, All Tanks, Large and Medium Transports, 
Cryogenics Systems, & Small Transports, PSA/Membrane Systems
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NPV in 2005 of 
Cost 9,357,441,199$         

Total Benefits 496,817,217$            

NPV in 2005 of 
Benefits 182,558,578$            

 
Figure G-46.  Scenario 13—OBIGGS, All Tanks, Large and Medium Transports, Cryogenic Systems, and Small Transports, 

PSA/Membrane Systems (U.S.) 
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Scenario 14 - Hybrid OBIGGS, HCWT only, Large and Medium 
Transports, Cryogenics Systems, & Small Transports, PSA/Membrane 

Systems
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NPV in 2005 of 
Cost 6,298,676,386$         

Total Benefits 274,341,976$            

NPV in 2005 of 
Benefits 100,668,450$            

 
Figure G-47.  Scenario 14—Hybrid OBIGGS, HCWT Only, Large and Medium Transports, Cryogenic Systems, and Small Transports, 

PSA/Membrane Systems (U.S.) 
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Scenario 15 - Hybrid OBIGGS, All Tanks, Large and Medium 
Transports, Cryogenics Systems, & Small Transports, PSA/Membrane 

Systems
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Total Benefits 491,521,777$            

NPV in 2005 of 
Benefits 180,619,384$            

 
Figure G-48.  Scenario 15—Hybrid OBIGGS, All Tanks, Large and Medium Transports, Cryogenic Systems, and Small Transports, 

PSA/Membrane Systems (U.S.) 
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Scenario 16 - On-Board Liquid Nitrogen Inerting
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Total Benefits 496,817,217$            

NPV in 2005 of 
Benefits 182,558,578$            

 
Figure G-49.  Scenario 16—Onboard Liquid Nitrogen Inerting (U.S.) 



Estimating and Forecasting Task Team Final Report 

 G-52 
 

 
Figure G-50.  Cost Summary of U.S. Fleet, Passenger Only  
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Scenario  1 - On-Board Ground Inerting HCWT only, Large, Medium, 
Small Transports, PSA/Membrane Systems
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Total Benefits 233,419,624$            

NPV in 2005 of 
Benefits 85,650,194$              

 
Figure G-51.  Scenario 1—Onboard Ground Inerting, HCWT Only, Large, Medium, Small Transports, PSA/Membrane Systems 

(U.S., Passenger Only) 
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Scenario  2 - On-Board Ground Inerting All Fuselage Tanks, Large, 
Medium, Small Transports, PSA/Membrane Systems
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Total Benefits 433,753,741$            

NPV in 2005 of 
Benefits 159,420,779$            

 
Figure G-52.  Scenario 2—Onboard Ground Inerting, All Fuselage Tanks, Large, Medium, Small Transports, PSA/Membrane Systems 

(U.S., Passenger Only) 
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Scenario  3 - Hybrid On-Board Ground Inerting HCWT only, Large, 
Medium, Small Transports, PSA/Membrane Systems
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Total Benefits 231,159,412$            

NPV in 2005 of 
Benefits 84,820,550$              

 
Figure G-53.  Scenario 3—Hybrid Onboard Ground Inerting, HCWT Only, Large, Medium, Small Transports, PSA/Membrane Systems 

(U.S., Passenger Only)  
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Scenario  4 - Hybrid On-Board Ground Inerting All Fuselage Tanks, 
Large, Medium, Small Transports, PSA/Membrane Systems
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US-Operator - PAX Only Study period from  Rule effect
4th Quarter  2004  thru  2020

Total $ Cost 
with Inflation 10,135,415,093$       

NPV in 2005 of 
Cost 4,889,896,730$         

Total Benefits 431,520,957$            

NPV in 2005 of 
Benefits 158,601,182$            

 
Figure G-54.  Scenario 4—Hybrid Onboard Ground Inerting, All Fuselage Tanks, Large, Medium, Small Transports, PSA/Membrane Systems 

(U.S., Passenger Only)  
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Scenario  5 - OBIGGS, All Tanks, Large and Medium Transports, 
Membrane Systems, & Small Transports, PSA/Membrane Systems
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US-Operator - PAX Only Study period from  Rule effect
4th Quarter  2004  thru  2020

Total $ Cost 
with Inflation 11,675,197,763$       

NPV in 2005 of 
Cost 5,490,836,040$         

Total Benefits 496,817,217$            

NPV in 2005 of 
Benefits 182,558,578$            

 
Figure G-55.  Scenario 5—OBIGGS, All Tanks, Large and Medium Transports, Membrane Systems, and Small Transports, PSA/Membrane 

Systems (U.S., Passenger Only)  
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Scenario  7 - Hybrid OBIGGS, HCWT only, Large and Medium 
Transports, Membrane Systems, & Small Transports, PSA/Membrane 

Systems
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US-Operator - PAX Only Study period from  Rule effect
4th Quarter  2004  thru  2020

Total $ Cost 
with Inflation 6,348,533,116$         

NPV in 2005 of 
Cost 3,166,074,948$         

Total Benefits 274,341,976$            

NPV in 2005 of 
Benefits 100,668,450$            

 
Figure G-56.  Scenario 7—Hybrid OBIGGS, HCWT Only, Large and Medium Transports, Membrane Systems, and Small Transports, 

PSA/Membrane Systems (U.S., Passenger Only)  
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Scenario  9 - Hybrid OBIGGS, All Tanks, Large and Medium 
Transports, Membrane Systems, & Small Transports, PSA/Membrane 

Systems
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US-Operator - PAX Only Study period from  Rule effect
4th Quarter  2004  thru  2020

Total $ Cost 
with Inflation 9,193,703,879$         

NPV in 2005 of 
Cost 4,442,304,879$         

Total Benefits 491,521,777$            

NPV in 2005 of 
Benefits 180,619,384$            

 
Figure G-57.  Scenario 9—Hybrid OBIGGS, All Tanks, Large and Medium Transports, Membrane Systems, and Small Transports, 

PSA/Membrane Systems (U.S., Passenger Only)  
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Scenario 11 - Ground Based Inerting HCWT only, All Transports
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US-Operator - PAX Only Study period from  Rule effect
4th Quarter  2004  thru  2020

Total $ Cost 
with Inflation 9,320,765,863$         

NPV in 2005 of 
Cost 4,246,449,061$         

Total Benefits 258,480,076$            

NPV in 2005 of 
Benefits 94,840,683$              

 
Figure G-58.  Scenario 11—Ground-Based Inerting, HCWT Only, All Transports (U.S., Passenger Only) 
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Scenario 12 - Ground Based Inerting All Fuselage Tanks, All 
Transports
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US-Operator - PAX Only Study period from  Rule effect
4th Quarter  2004  thru  2020

Total $ Cost 
with Inflation 10,206,972,446$       

NPV in 2005 of 
Cost 4,672,338,910$         

Total Benefits 459,318,978$            

NPV in 2005 of 
Benefits 168,795,964$            

 
Figure G-59.  Scenario 12—Ground-Based Inerting, All Fuselage Tanks, All Transports (U.S., Passenger Only)  
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Scenario 13 - OBIGGS, All Tanks, Large and Medium Transports, 
Cryogenics Systems, & Small Transports, PSA/Membrane Systems
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4th Quarter  2004  thru  2020

Total $ Cost 
with Inflation 14,549,866,062$       

NPV in 2005 of 
Cost 6,697,832,282$         

Total Benefits 496,817,217$            

NPV in 2005 of 
Benefits 182,558,578$            

 
Figure G-60.  Scenario 13—OBIGGS, All Tanks, Large and Medium Transports, Cryogenic Systems, and Small Transports, PSA/Membrane 

Systems (U.S., Passenger Only)  
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Scenario 14 - Hybrid OBIGGS, HCWT only, Large and Medium 
Transports, Cryogenics Systems, & Small Transports, PSA/Membrane 

Systems
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4th Quarter  2004  thru  2020

Total $ Cost 
with Inflation 9,867,954,443$         

NPV in 2005 of 
Cost 4,692,238,158$         

Total Benefits 274,341,976$            

NPV in 2005 of 
Benefits 100,668,450$            

 
Figure G-61.  Scenario 14—Hybrid OBIGGS, HCWT Only, Large and Medium Transports, Cryogenic Systems, and Small Transports, 

PSA/Membrane Systems (U.S., Passenger Only)  
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Scenario 15 - Hybrid OBIGGS, All Tanks, Large and Medium 
Transports, Cryogenics Systems, & Small Transports, PSA/Membrane 

Systems
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4th Quarter  2004  thru  2020

Total $ Cost 
with Inflation 12,474,035,535$       

NPV in 2005 of 
Cost 5,884,057,680$         

Total Benefits 491,521,777$            

NPV in 2005 of 
Benefits 180,619,384$            

 
Figure G-62.  Scenario 15—Hybrid OBIGGS, All Tanks, Large and Medium Transports, Cryogenic Systems, and Small Transports, 

PSA/Membrane Systems (U.S., Passenger Only)  
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Scenario 16 - On-Board Liquid Nitrogen Inerting
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4th Quarter  2004  thru  2020

Total $ Cost 
with Inflation 19,817,433,003$       

NPV in 2005 of 
Cost 8,597,752,900$         

Total Benefits 496,817,217$            

NPV in 2005 of 
Benefits 182,558,578$            

 
Figure G-63.  Scenario 16—Onboard Liquid Nitrogen Inerting (U.S. Fleet, Passenger Only) 



Estimating and Forecasting Task Team Final Report 

 G-66 
 

3.0  GASEOUS VERSUS LIQUID NITROGEN 
The first 15 scenarios evaluated in this study feature gaseous nitrogen systems. The 16th scenario features 
a liquid nitrogen system. This ARAC study focused on gaseous nitrogen generating systems rather than 
stored liquid nitrogen systems because gas generating systems are less expensive and less hazardous. The 
early inerting systems, such as that aboard the Lockheed C-5 Galaxy military transport, used stored liquid 
nitrogen. Those systems were heavy and relied on a large ground-support system. As technology has 
advanced, onboard gas-generating inerting systems like OBIGGS have become more practical. The 
system weight and inlet airflow and pressure to volume of nitrogen produced has vastly improved. All of 
the recently designed and installed nitrogen inerting systems on military aircraft have been of the 
OBIGGS type. A brief cost analysis of the liquid nitrogen (LN2) system is included to provide a 
comparison of costs relative to the other inerting systems. The safety benefits of the LN2 system are 
assumed to be similar to OBIGGS.  

The main advantage of a stored liquid nitrogen system is that it does not require aircraft bleed air or 
significant aircraft power to operate. However, such systems incur penalties that include higher weight 
than for air separation (i.e., gas generation) technology, on-board system complexity, and the need for a 
ground-based nitrogen supply system. The computed LN2 weight is based on carrying enough LN2 for 
three flights. The amount assumed carried reflects a proposal for a closed-loop control system that 
minimizes the amount of LN2 required. As proposed, this system relies on oxygen sensing in the fuel tank 
and a control system that releases enough LN2 to keep the tank inert. Ideally, this system would require 
only enough N2 to fill the ullage once per flight. 

The system described above has been sized to inert all fuel tanks on the airplane. The oxygen sensing and 
control system has not yet been demonstrated on a commercial airplane. The weights presented in figure 
G-64 are based on the FAA study “Performance of a DC-9 Aircraft Liquid Nitrogen Fuel Tank Inerting 
System,” published in 1972. 

 Large airplane Medium airplane Small airplane 
LN2 weight (lb) 1,282 570 119 
Storage, plumbing, controls, etc., weight (lb) 1,770 786 164 
Total weight (lb) 3,052 1,356 283 

Figure G-64.  Liquid Nitrogen System Weight 

Liquid nitrogen systems require the cryogenic transport and storage of nitrogen in liquid form, which 
boils at -195°C or -315°F. Transport, storage, and handling of LN2 requires precautions to prevent severe 
skin burns on contact. Also, a broken bottle or distribution line may rapidly flood an enclosed area with 
nitrogen, causing asphyxiation. Because of the dangers and hazards associated with handling LN2, it was 
assumed that a mechanic, and not ground service workers, world be required to fill the airplane storage 
tanks. 

It was assumed that the LN2 would be generated and stored at each airport, so the LN2 cost is the same as 
the gaseous N2 costs. Although the airplane would be serviced once for every three flights, the cost of the 
labor is three times higher because it requires a mechanic instead of ground service workers. 
Consequently, the ground servicing costs would be about the same as for the GBI system. 

It was assumed that the design, development, certification, and implementation costs for the LN2 system 
are similar to the other systems evaluated in this study. The cost analysis for the LN2 system includes only 
the large, medium and small airplanes. The total cost over the 16-year study period includes the initial 
airplane and airport modification costs and the accumulated annual recurring costs. Airplane nonrecurring 
costs include engineering design for the modifications and additions to fuel system components, 
interfaces, instruments or displays, relocation of other equipment, wiring, tubing or ducting, and avionics 
software or modules. The nonrecurring engineering costs also include changes to documents (e.g., Specs, 
ICDs); manuals (e.g., AFM, Opts, MM); production change records; laboratory, ground, and flight tests; 
and FAA/JAA certification. The costs also include major-supplier parts and assemblies, tubing, wiring, 
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ducting, Service Bulletin and kitting costs (retrofit), and special tooling for installation. These costs were 
based on the costs of the GBI airplane system with the addition of an LN2 storage tank and an oxygen 
sensing and control system. The airline recurring and nonrecurring costs were based on the installation 
and operating costs of an onboard system. Although the closed-loop oxygen sensing system is more 
complex than an OBIGGS, it was assumed the maintenance and delay costs would be similar. 
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